Four experiments investigated after-effects of attentional capture by a target-feature singleton distractor. In Experiments 1 and 3, participants searched for an orientation singleton target in a visual display and responded to a reported-attribute in the target (a compound search task). On some trials, a singleton distractor with the same orientation as, but a different color from, the target occurred. In the singleton distractor-absent trials reaction times for targets were unchanged irrespective of the number of nontargets. However, on singleton distractor-present trials, target reaction times increased with number of displayed nontargets. Ignoring target-feature singleton distractors induced inefficient visual searches slowed target search, suggesting that targets were searched serially in the presence of a singleton distractor induces inefficient serial search. This result implies that the search order, corresponding to relative item salience, is lost following attentional capture by a singleton distractor. Subsequent experiments explored conditions that might elicit the search order lost effect. It did not occur when task-irrelevant singleton distractors occurred in a compound search task (Experiment 2) or when target-feature (Experiment 4) singleton distractors occurred in a simple target detection task. Together, results suggest that the search order lost effect is mediated by dynamic computations involving saliency and feature maps. An explanation of this effect is proposed.
Introduction
Most models of visual search posit that two stages are involved in processing the information required to guide attention to relevant spatial locations (Itti & Koch, 2001; Treisman & Gelade, 1980; Wolfe, 1994) . The first stage, involving feature maps, includes computing the relative saliency of individual items in terms of basic visual features, such as color, orientation, size, and so on. The second stage, involving the saliency map (Itti & Koch, 2001; Koch & Ullman, 1985) , the master map (Treisman & Gelade, 1980) , or the activation map (Wolfe, 1994) , includes the relative activations of items on a two-dimensional topographical map corresponding to the conspicuousness or relative saliency of stimuli as computed by the sum of signals from feature maps. The activation patterns displayed on the saliency map are used to guide attention to potential target locations. It is assumed that attention is initially directed to the area of peak of activation according to the saliency map, thereby facilitating efficient visual searches in which visual search time is independent of the number of items (referred to as display size) in a display. If the first item to which attention is paid is not a target, attention is then focused in decreasing order on the locations of items according to their level of activation on the saliency map (Wolfe, 1994) . Thus, the saliency map is considered as prioritizing items for visual searches. Although it has been assumed that the order in which items are activated is maintained on the saliency map during visual searches, this issue has not been fully addressed in previous studies.
Recently, Kumada (2008) examined whether the search order established by the relative salience of items in a display was maintained during a variant of a visual feature search task. Participants searched for one of two potential targets in a display (referred to as the A-or-B target procedure). In one experiment, for example, all items were open rectangles (see Fig. 1 as a related example). Green rectangles, tilted 10°from vertical in a clockwise direction, served as nontargets. Two alternative targets were also rectangles. One of these was a green rectangle tilted 10°from vertical in a counterclockwise direction; the other was a red rectangle tilted 10°from vertical in a counter-clockwise direction. The first target served as an orientation singleton and the second served as a color and orientation singleton presented against nontargets in a search display. Participants were asked to discriminate the relative location (upper or lower) of a line segment presented within a target. Two-singleton conditions, under which one orientation singleton and one color and orientation singleton were presented in a display were included, in addition to the trials in which only one singleton 0042-6989/$ -see front matter Ó 2009 Elsevier Ltd. All rights reserved. doi:10.1016/j.visres. 2009.12.002 was presented as a target. One of these two singletons was a target with having a designated attribute (i.e., upper or lower position of a line segment) and the other was a singleton distractor with a variation of that attribute (i.e., a line segment located in the middle of a target rectangle). This yields four different types of displays (the same as shown, as illustrated in Fig. 1 : orientation target/no distractor, color and orientation target/no distractor, color and orientation target/orientation distractor, and orientation target/color and orientation distractor) were presented in one experimental block.
In addition to the above variables, display size was also varied in terms of number of nontargets; the primary dependent variable was reaction time (RT) to targets. Under the two-singleton display conditions, participants were unaware in advance of which singleton was the target (i.e., the one with the designated attribute). Therefore, attention might be initially directed at one of the two singletons by chance. Consequently, if that singleton lacked the designated attribute, then participants had to redirect their attention to the other singleton.
The A-or-B target procedure revealed the results as if the original search order was lost, referred to as the search order lost (SOL). The slope of the RT function plotted against display size was significantly larger than 0 (25 ms/item) in the orientation target with a color and orientation-distractor trials. However, the slope was close to 0 for the orientation-target trials without singleton (color and orientation) distractors. Kumada's interpretation of this result noted that attention initially focuses on a singleton displaying both color and orientation when two singletons are presented because a singleton with these features would be the most salient item in the display. When this singleton was not a target (in the orientation target/color and orientation-distractor trials), attention must be redirected to the orientation singleton. If the orientation singleton had registered as a secondarily salient item in the saliency map, attention would be redirected soon after disengagement from the color-and orientation-singleton distractor. In such cases, the slope of the RT function should be close to zero (in the range of efficient search, Wolfe, 1998) . However, contrary to this prediction, the slope was in the range associated with serial (inefficient) search in the orientation target/color and orientation-distractor trials. It is noteworthy that the search for the orientation singleton was efficient when no singleton distractor was present in the display, suggesting that the orientation singleton was sufficiently salient when it appeared among nontargets in the no-distractor displays. Kumada concluded that the search order, in which the orientation singleton was encoded as the secondarily salient item in a display, might be lost from the saliency map while attention was directed to the most salient color singleton. Because the search order (or priority) corresponding to the relative salience of items in a display was lost, attention had to be serially directed to all items in the displays before the orientation target was identified, yielding RTs that depended on display size.
Although the mechanisms underlying the SOL effect remain unknown, it is clear that the similarity between target and singleton distractor has an impact in this regard. Kumada's (2008) second experiment was identical to the first, but the orientations of color singletons were modified. In the first experiment, a red singleton distractor had the same orientation as a second orientation-defined target. In the second experiment, however, the orientation of the red singleton distractor was the same as that of nontargets. Thus, the red distractor was the only singleton with respect to the color dimension. Once again, because participants did not know in advance which singleton represented the target, it was assumed that the most salient color singleton would serve as the initial focus of attention. Results showed that the SOL effect did not emerge, and the slope of the RT function was close to zero in the orientation target/color-distractor trials. The study concluded that the SOL effect is only seen when a singleton distractor has the same features as a target with respect to the target-defining dimension (i.e., orientation in these experiments).
The similarity between target and nontarget with respect to the target-defining dimension represents an additional critical factor affecting the SOL effect. In Kumada's first experiment (2008), the orientation of the target was tilted 10°counter-clockwise from vertical, and that of the nontarget was tilted 10°clockwise from vertical. Thus, the target and the nontarget differed by 20°. The experiment also included a condition under which the target-nontarget difference was 90°while other aspects of the displays and tasks remained the same as under the 20°difference condition. As a result, no SOL effect emerged under the 90°difference condition, suggesting that the SOL effect would be found only in high target/nontarget similarity displays. The primary purpose of this study was to examine whether the SOL effect would be detected using an experimental procedure that differed from the A-or-B target procedure. In this study, a crossdimensional interference procedure (Bacon & Egeth, 1994; Kumada, 1999; Theeuwes, 1991 Theeuwes, , 1992 was used. In a seminal work, Theeuwes presented a singleton distractor with a unique feature (color) irrelevant to the target-defining dimension (form). Participants were asked to search for a form singleton target while ignoring the color singletons, or vice versa. Theeuwes found that when a singleton distractor was more salient than a target, the singleton distractor interfered with the search for the target even when participants knew the target-defining feature in advance. In the experiment, the RTs to form targets were more delayed when a color singleton distractor was present than when no singleton distractor was present, whereas there was no interaction with display size. The slope of the RT functions was close to zero in both distractor-present and distractor-absent trials. However, the presentation of a form singleton did not affect the search for a color-singleton target. Theeuwes concluded that the order in which visual items in a display are searched is determined solely by the features of objects in a bottom-up way or by the relative salience of the objects. Knowledge of the target-defining feature is ineffective for prioritizing the foci of attention among visual objects. With respect to the registration of search orders, the results showing that display size did not precipitate the SOL effect in distractor-present trials suggest that the secondarily salient item (i.e., a form singleton) was the object of a constant search after attention was disengaged from a singleton distractor. In other words, the search order of a target was not lost in this experiment.
A critical difference between the cross-dimensional interference procedure and the A-or-B target procedure is the number of potential targets in a display or in an experimental block. Participants were instructed to search for one of two targets in a display in the A-or-B target procedure, whereas they were instructed to search for only one target in a display throughout one experimental block. In a typical cross-dimensional interference procedure, distractor features were also consistent within an experimental block. However, in the A-or-B target procedure, target features in a display of trial n À 1 could be distractor features in a display of trial n. Therefore, more complex processing may be involved in the A-or-B target procedure compared to the cross-dimensional interference procedure for the following reasons. First, the orientation target/color-distractor trials in the A-or-B target procedure used by Kumada (2008) involved not only focusing attention on the singleton distractor but also engaging decision-making processes. In order to determine whether the color singleton is a target, a designated attribute must be identified and matched to the stimulus-response template. Only after such a decision-making process rules out a color singleton as a target can the orientation target become the object of the search. Second, under the A-or-B target procedure, participants were aware of relevant features but had no advance knowledge of which belonged to the target and which to the distractor. Therefore, participants might hold two target templates in working memory. In addition, because the target template matched the features of singleton distractors in some trials, it might be more difficult to disengage attention under this condition than during the cross-dimensional interference procedure, in which a target feature did not match any features of the singleton distractor. If the SOL effect were closely involved in processing that is specific to the A-or-B target procedure, this effect should not be seen in the cross-dimensional interference procedure. Therefore, examining the SOL effect under the crossdimensional interference condition enabled us to define the parameters that are necessary for the emergence of this effect.
Experiment 1
Experiment 1 examined whether the SOL effect was observed under the cross-dimensional interference procedure. In this experiment, a singleton distractor that had the same feature as a target with respect to the target-defining feature was presented (referred to as a target-feature singleton distractor) because the SOL effect occurred in the A-or-B target procedure only under the same display. Because the features of the target were consistent within one experimental block under the cross-dimensional interference procedure, participants were able to reject the singleton distractor on the basis of a single feature (i.e., color) if attention was captured by the singleton distractor. Therefore, if focusing attention on a singleton distractor in order to identify a designated attribute represented the critical requirement for the emergence of the SOL effect under the A-or-B target condition, it would be expected that the SOL effect would not be found during the cross-dimensional interference procedure. More specifically, it was hypothesized that display size would have no effect in trials with singleton distractors.
Method

Participants
Fifteen university students participated as paid volunteers. All participants in this and subsequent experiments had normal or corrected-to-normal visual acuity and reported having normal color vision. They did not participate in any of the other experiments in this study and were naïve as to the purpose of the experiment.
Apparatus
Visual stimuli were generated by a computer (Apple Power Macintosh) and presented on a 17-inch color CRT display (SONY high-resolution color display). Experimental presentations were controlled by a Matlab program using the Psychophysics Toolbox extensions (Brainard, 1997; Pelli, 1997) . Fig. 1 shows sample displays. The displayed items included an open rectangle (15 mm Â 6 mm; 1.5°Â .6°) and a line segment that horizontally intersected the rectangle at a point either one-third or two-thirds from the top of the rectangle. The position of the line segment was used as the designated attribute. When the item was presented as a nontarget, it was tilted 10°in a clockwise direction from vertical. Two singleton items served as target and singleton distractor. One singleton item was a green rectangle tilted 10°c ounter-clockwise from vertical. Because the item differed from nontargets with respect to the orientation dimension, it was referred to as an ''orientation (O)-singleton." The other singleton item was a red rectangle positioned 10°counter-clockwise from vertical. Because this item differed from nontargets with respect to color and orientation, it was referred to as a ''color and orientation (C & O)-singleton." There were two target conditions: O-singleton and C & O-singleton. Under the O-singleton target condition, the O-singleton was presented as a target. In half of the trials conducted under this condition, namely the O-singleton target/no distractor condition, only the O-singleton was presented with 4, 9, or 14 nontarget items (Fig. 1a) . In the other half of the trials, namely the O-singleton target/C & O-singleton distractor condition, one of the nontargets under the C-singleton/no distractor condition was replaced by a C & O-singleton (Fig. 1b) . In the C & O-singleton target condition, the C & O-singleton was presented as a target. In half of the trials conducted under this condition, the C & O-singleton target/no distractor condition, only the C & O-singleton was presented with 4, 9, or 14 nontarget items (Fig. 1c) . In the other half of the trials, the C & O-singleton target/O-singleton distractor condition, one of the nontargets under the C & O-singleton target/no distractor condition was replaced by an O-singleton (Fig. 1d ). There were three levels of display size, defined in terms of the total number of items within the display: 5, 10, and 15. The display items were randomly scattered in cells of an imaginary 4 Â 6 matrix (11°Â 12.5°). The position of each item was shifted vertically and horizontally by .25°to avoid their alignment with each other. The fixation point was a small gray dot, 2 mm (.2°) in diameter.
Stimuli
Design
A 2 Â 2 Â 3 repeated-measures factorial experimental design was used with two levels of targets (O-singleton and C & O-singleton), two levels of distractors (present and absent), and three levels of display size (5, 10, and 15). Each target level was presented in a separate block: the O-singleton target block or the C & O-target block. Trials consisted of any combination of the other two factors (distractor and display size) and were presented in one experimental block.
Procedure
Participants were seated 57 cm from the CRT display. Each trial proceeded as follows. First, a small gray dot was presented as a fixation point in the center of display for 1000 ms. After 500 ms of a blank display, a stimulus was presented until the participants responded. The time from display onset to response initiation was measured as the RT. The task of participants was to search for a target, determined for each block in advance, and to respond to the relative position of a line segment intersecting the target (upper or lower) as quickly and accurately as possible by pressing one of two keys. Two response keys were assigned to the index fingers of both hands. The assignment of keys to attribute (upper of lower) was counter-balanced across participants.
One experimental block consisted of 144 trials. Each observer participated in three experimental blocks for each target condition following 50 practice trials. Half the participants started under the O-singleton target condition and the other half started under the C & O-singleton target condition.
Results
Outliers for each condition were removed before the data analysis and were defined as those trials with RTs faster than 200 ms or slower than 3 SD's above the mean. Fewer than 2.9% of all observations were eliminated in all experiments.
Mean correct RTs are plotted as a function of display size in Fig. 2 . Mean RTs were subjected to a three-way analysis of variance (ANOVA) with target (O-singleton and O & C-singleton), distractor (present or absent), and display size as factors. All main effects and all interactions were significant: target, F(1, 14) = 140.64, MSe = 278490.2, p < .0001; distractor, F(1, 14) = 82.77, MSe = 13165.5, p < .0001; display size, F(2, 28) = 5.34, MSe = 19504.3, p = .0108; target Â display size, F(2, 28) = 3.78, MSe = 18452.2, p = .0351; distractor Â display size, F(2, 28) = 14.47, MSe = 9257.3, p < .0001; target Â distractor, F(1, 14) = 64.15, MSe = 17192.5, p < .0001; target Â distractor Â display size, F(2, 28) = 14.70, MSe = 8504.1, p < .0001.
Further individual analyses were performed with regard to the C & O-singleton target condition and the O-singleton target condition using distractor and display size as main factors. Only the main effect of display size was significant, F(2, 28) = 15.19, MSe = 144.5, p < .0001 for the C & O-singleton target condition. The main effects of distractor and distractor Â display size interaction were not significant, p > .36, reflecting that RTs increased as a function of display size (only 1.4 ms/item for no-distractor trials and 2.0 ms/item for distractor trials). However, the singleton distractor did not affect the RTs to targets.
Both main effects were significant for the O-singleton target condition: distractor, F(1, 14) = 73.53, MSe = 29817.7, p < .0001; display size, F(2, 28) = 4.54, MSe = 37812.0, p = .0195. The distractor Â display size interaction was also significant, F(2, 28) = 14.69, MSe = 17617.1, p < .0001. Simple main effect analysis showed that the effect of display size was significant for the distractor trials, F(2, 56) = 14.75, p < .0001, but not for the no-distractor trials, p = .461. RTs increased as a function of display size in the distractor trials, 32.0 ms/item, r 2 = .941, but not in the no-distractor trials, À5.0 ms/item, r 2 = .439. Table 1 shows error rates for each condition. Error rates were subjected to the same three-way ANOVA as the RT analysis. Only the main effect of target was significant, F(1, 14) = 7.02, MSe = 9.0, p = .0190. Other main effects and interactions were not significant. As can be seen in Table 1 , error rates were higher in the C & O-singleton target trials than in the O-singleton target trials. However, the error rates were not affected by display size, suggesting that the effect of display size observed in the RT analysis was not due to a speed-accuracy trade-off.
Discussion
The results showed that the SOL effect occurred during the cross-dimensional interference procedure in that an inefficient slope for the RT function was found in response to O-singleton target displays with a singleton distractor, even though searches for the O-singleton targets were efficient in the distractor-absent trials. When no distractor was present, RTs were faster in C & O-singleton target trials than in O-singleton target trials. Therefore, it was considered the C & O-singletons to be more salient than the O-singletons. In addition, the O-singleton distractor did not affect target detection in the C & O-singleton target trials, demonstrating that the C & O-singleton was always treated as the first priority for searches under the C & O-singleton target conditions, irrespective of the presentation of the O-singleton distractor. Previous studies have consistently shown that attention is captured by more salient singletons in displays in which a singleton target is presented with a singleton distractor, even when participants know the targetdefining features (Bacon & Egeth, 1994; Theeuwes, 1991 Theeuwes, , 1992 . Therefore, it is likely that attention was captured by the C & O-singleton distractor even when participants tried to search for the O-singleton target. After attention was captured by the salient C & O-singleton distractor, the O-singleton target could be searched for only after attention was disengaged from the singleton distractor. However, if internal information regarding the salience of items had been registered in the saliency map and was available to guide attention in target searches subsequent to attentional disengagement from the singleton distractor, the secondarily salient item, that is the O-singleton, should have been detected instantly, independent of display size. Contrary to this prediction, RTs to Osingleton targets depended on display size, suggesting that the O-singleton was not always treated as the secondarily most salient item, but was found only after the serial deployment of attention to several nontargets. This finding indicates that search order, which corresponds to the order in which items are ranked in terms of relative saliency, was not maintained during the search for the secondarily salient item. In other words, the search order had been lost before the less-salient O-singleton was detected.
The results with regard to the SOL effect are inconsistent with those of previous studies using the cross-dimensional interference procedure (Bacon & Egeth, 1994; Kumada, 1999; Theeuwes, 1991 Theeuwes, , 1992 . These studies reported unequivocal evidence that the singleton distractor had an effect only on the intercept of RT functions and not on their slopes. However, the present experiment differs from previous experiments in two critical ways. The first difference concerns the relationship between target and singleton distractor. In previous studies, singleton distractors were did not share features with targets with respect to the target-defining dimension. For example, in the study conducted by Theeuwes (1991) , targets were defined by form and singleton distractors were defined by color. On the other hand, in the present experiment, the singleton distractor shared a feature (i.e., orientation) with targets with respect to the target-defining dimension. The second critical difference between the present experiment and previous experiments concerns the similarity between the target and nontargets. In this experiment, targets were highly similar to nontargets with respect to the target-defining feature; in previous studies, however, the target was more distinct from nontargets with respect to the target-defining feature.
The present results indicate that the SOL effect is not specific to the A-or-B target procedure used in previous studies (Kumada, 2008) . The critical differences between the present experiment and the A-or-B target procedure were that both target and distractor features were consistent within an experimental block and that participants searched for only one target in every display. In addition, distractors could be detected only by checking features in the absence of knowledge of the designated attributes. Given these differences, the finding the SOL effect suggests that these differences are not relevant to this effect. Indeed, only attentional capture by a singleton distractor induced the SOL effect.
Experiment 2
Experiment 2 examined whether feature similarity between target and singleton distractor is critical to the emergence of the SOL effect in the cross-dimensional interference procedure. As discussed above, two factors distinguished Experiment 1 from previous studies using the cross-dimensional interference procedure. One factor was the similarity between target and singleton distractor, and the other was the similarity between target and nontarget. Experiment 1 was performed under a high target/singleton-distractor similarity condition and a high target/nontarget similarity condition, whereas previous experiments were performed under a low target/singleton-distractor similarity condition and a low target/nontarget similarity condition. Therefore, the critical similarity with regard to the emergence of the SOL effect remains unclear. In Experiment 2, the target/singleton-distractor similarity was manipulated. A task-irrelevant singleton distractor was presented among highly similar target/nontargets, as in Experiment 1. The orientation of the C & O-distractor was altered to match to the orientation of nontargets. Thus, in this experiment, the singleton distractor had a different color from the target and nontarget but had the same orientation as nontargets. If this sort of distractor produced the SOL effect, it might be possible to conclude that feature similarity between target and singleton distractor is not critical for the emergence of the SOL effect.
Method
Participants
Sixteen university students participated as paid volunteers.
Apparatus and stimuli
The apparatus was the same as that used in Experiment 1. The stimuli were the same as presented in Experiment 1 except that a new condition, in which the orientation of a color singleton was the same as that of nontargets (C-singleton distractor condition), was added.
Design and procedure
The procedure was the same as that in Experiment 1. A 2 Â 2 Â 3 repeated-measures factorial experimental design with two levels of distractor type (C-singleton and C & O-singleton), two levels of distractors (present and absent), and three levels of display size (5, 10, and 15) was used. Each distractor level was tested in a separate block: the C-singleton distractor block or the C & O-singleton distractor block. Under both the C-singleton distractor condition and the C & O-singleton distractor condition, the target was again the O-singleton.
Results
Fig . 3 shows the mean correct RTs plotted as a function of display size. Mean RTs were subjected to a three-way ANOVA with distractor type (C & O-singleton and C-singleton), distractor (present or absent), and display size as variables. All main effects and all interactions were significant: distractor type, F(1, 15) = 5.60, MSe = 185317.5, p = .0318; distractor, F(1, 15) = 64.11, MSe = 20203.3, p < .0001; display size, F(2, 30) = 6.08, MSe = 29446.9, p = .0061; distractor type Â display size, F(2, 30) = 4.99, MSe = 7058.3, p = .0134; distractor Â display size, F(2, 30) = 15.14, MSe = 10507.0, p < .0001; distractor type Â distractor, F(1, 15) = 33.14, MSe = 23196.2, p < .0001; distractor type Â distractor Â display size, F(2, 30) = 5.76, MSe = 9261.0, p = .0076.
Additional separate analyses were performed in relation to the C & O-singleton distractor condition and the C-singleton distractor condition using distractor and display size as main factors. Both main effects and a two-way interaction were significant for the C & O-singleton distractor condition: distractor, F(1, 15) = 67.76, MSe = 29959.0, p < .0001; display size, F(2, 30) = 7.07, MSe = 21789.1, p = .0030; distractor Â display size, F(2, 30) = 11.85, MSe = 16559.2, p = .0002. Simple main effect analysis showed that the effect of display size was significant only for the distractor-present trials, F(2, 60) = 17.07, p < .0001, but not for the distractor-absent trials, p = .308. RTs increased as a function of display size in the distractor-present trials (27.1 ms/item, r 2 = .903) but not in the distractor-absent trials (À4.0 ms/item, r 2 = .284).
The main effect of display size was significant under the C-singleton distractor condition, F(2, 30) = 4.10, MSe = 14716.1, p = .0266. Although the main effect of distractor was not significant (p = .131), the distractor Â display size interaction was significant, F(2, 30) = 5.05, MSe = 3208.8, p = .0129. Simple main effect analysis showed that the effect of distractors was significant for display sizes of 10 and 15 F(1, 45) = 4.30, p = .0438; F(1, 45) = 5.51, p = .0223, respectively, but not for display sizes of 5, p = .627. Singleton distractors interfered with responding to targets in larger displays (10 and 15), causing 59 ms of delay for displays of 10 and 67 ms of delays for displays of 15. Display size reached significance in the trials involving distractors, F(2, 60) = 6.50, p = .0028, but not in the no-distractor trials, p = .138. RTs increased as a function of display size in the distractor trials (6.2 ms/item, r 2 = .271)
but not in the no-distractor trials (À1.8 ms/item, r 2 = .076).
A t-test was performed for the average individual slopes of RT functions to determine whether the mean slope was significantly greater than zero. The slope (27.1 ms/item) was significantly greater than zero, t(15) = 4.34, p < .0001 (two-tailed), for the distractorpresent trials under the C & O-singleton distractor condition. The slope (6.2 ms/item) was not significant, p = .115, for the distractor-present trials under the C-singleton distractor condition. The slopes (À4.0 ms/item and À1.8 ms/item, respectively) were not significantly larger than zero, ps > .268 for the distractor-absent trials under both the C & O-singleton distractor condition and Csingleton distractor condition. Table 2 shows error rates for each condition. Error rates were subjected to the same three-way ANOVA as was the RT analysis. The main effects of distractor and the distractor Â display size interaction were significant, F(1, 15) = 10.15, MSe = 3.1, p = .0061; F(2, 30) = 3.60, MSe = 4.7, p = .0394, respectively. The main effect of distractor type and all interactions were not significant. As Table  2 shows, error rates were higher in the distractor-present trials than in the distractor-absent target trials, and higher in trials with fewer items than in those with a greater number of items. Error rates were affected by display size in both distractor-present trials and distractor-absent trials, suggesting that the effect of display size on RTs was not simply due to a speed-accuracy trade-off.
Discussion
The results reveal two interactions. First, in the C-singleton distractor condition, the effect of display size was significantly qualified by the distractor variable. distractor condition another interaction emerged. However, in former, the slope of the RT function was not significantly greater than zero (6.2 ms/item), whereas in the C & O-singleton distractor condition, the slope of the RT function was distinctly greater than zero (27.1 ms/item). Consistent with this, linearity accounted for only a small proportion of the variance (r 2 = .271) in the C-singleton distractor condition, but it accounted for a majority of the variance in the C & O-singleton distractor condition (r 2 = .903). Thus, these results show that the C-singleton distractor did not produce the SOL effect, but that the C & O-singleton distractor did. The critical difference between the C-singleton distractor and the C & O-singleton distractor concerned orientation. The C-singleton distractor had the same orientation as nontargets, whereas the C & O-singleton distractor had the same orientation as targets. Therefore, the similarity between the target and the singleton distractor with respect to the target-defining dimension was critical for the emergence of the SOL effect. Only when the singleton distractor had the same defining feature as the target was the SOL effect observed.
The attentional capture effect, reflected by longer RTs in the distractor-present trials relative to those in the distractor-absent trials, was observed both in the C & O-singleton distractor condition and the O-singleton distractor condition, although the effect was smaller in the latter condition. The attentional capture effect under the O-singleton distractor condition is consistent with the results of previous studies that showed this effect with taskirrelevant singleton distractors. However, these attentional capture effects can be distinguished from the SOL effect. The SOL effect was obtained only under the C & O-singleton distractor condition. Although a tendency toward the SOL effect was observed under the O-singleton distractor condition (by 6.2 ms/item), it was not significantly larger than zero. This inconsistent emergence of the SOL effect in the presence of attentional capture suggests that the SOL effect relies on different mechanisms from those underlying attentional capture. A possible mechanism that can account for this inconsistency is proposed in Section 6.
Experiment 3
Experiment 3 further examined the relevance of similarity in the features of display items to the SOL effect. In this experiment, the target and nontarget were the same as those used in Experiment 2. However, the orientation of a singleton distractor was varied under two conditions. Under one condition, the right-tilted distractor condition, the singleton distractor was a red item, tilted 45°clockwise from vertical. In the other condition, the left-tilted distractor condition, the singleton distractor was a red item tilted 45°counter-clockwise from vertical. The right-tilted distractor had an orientation similar to the nontarget, and the left-tilted distractor had an orientation similar to the target. These manipulations of distractor orientation were intended to enable examination of two issues. First, it was examined whether consistency between a target and a singleton distractor with respect to the target-defining feature is critical for the emergence of the SOL effect. If so, this effect would not be expected to occur in this experiment because singleton distractors differed from the target with regard to the target-defining dimension. Second, if these singleton distractors did indeed induce the SOL effect, further examination of whether the SOL effect is sensitive to the similarity between target and singleton-distractor with regard to the target-defining dimension would be necessary. The left-tilted distractor was more similar to the target than was the right-tilted distractor. If the SOL effect were sensitive to the target/singletondistractor similarity, it would be expected that the slope of the RT function would be higher in the left-tilted distractor trials than in the right-tilted distractor trials.
Method
Participants
Fifteen university students participated as paid volunteers.
Apparatus and stimuli
The apparatus was the same as that used in Experiment 1. The stimuli were the same as in Experiment 2 except for the orientation of color singleton distractors. Two distractor conditions were used. Under the left-tilted distractor condition, a red singleton distractor, tilted 45°counter-clockwise from vertical, was presented. Under the right-tilted distractor condition, a red singleton distractor, tilted 45°clockwise direction from vertical, was presented.
Design and procedure
The procedure was the same as that used in Experiment 2. A 2 Â 2 Â 3 repeated-measures factorial experimental design with two levels of distractor type (left-tilted and right-tilted), two levels of distractors (present and absent), and three levels of display size (5, 10, and 15) was used. Each distractor type was presented in a separate block. Fig. 4 shows mean correct RTs plotted as a function of display size. Mean RTs were subjected to a three-way ANOVA with distractor type (left-tilted and right-tilted), distractor (present or absent), and display size as variables. The main effects of distractor and display size were significant, F(1, 14) = 166.71, MSe = 7609.8, p < .0001; F(2, 28) = 7.01, MSe = 13714.7, p = .0034, respectively. The distractor Â display size interaction and distractor type Â distractor interaction were significant, F(2, 28) = 19.46, MSe = 5453.4, p < .0001; F(1, 14) = 12.77, MSe = 8764.1, p = .0030, respectively. The main effect of distractor type, the distractor type Â display size interaction, and a three-way interaction were not significant, ps > .119. Importantly, there were no significant distractor type Â display size interaction and the three-way interaction. Simple main effect analysis of the distractor Â display size interaction showed that the effect of display size was significant for the distractor-present trials, F(2, 56) = 20.49, p < .0001, but not for the distractor-absent trials, p = .536. The simple main effect for the distractor type Â distractor interaction shows that distractor type had no effect in distractor-absent trials, p = .566. However, the RTs to the left-tilted distractors were slower than those to the right-tilted distractors in the distractor-present trials, F(1, 28) = 6.75, p = .0148. In addition, RTs were slower in the distractor-present trials than in the distractor-absent trials under both the right-tilted distractor condition, F(1, 28) = 38.28, p < .0001, and the left-tilted distractor condition, F(1, 28) = 130.35, p < .0001.
Results
A t-test was performed on the average individual slope of RT functions to assess whether the slope in the distractor-present trials differed significantly between target conditions. No significant difference between the slope of distractor trials under the righttilted distractor condition (13.3 ms/item, r 2 = .875) and the lefttilted distractor (15.4 ms/item, r 2 = .716), t(14) = .546, p = .617 condition was observed. Thus, these slopes were not statistically different. Table 3 shows error rates for each condition. Error rates were subjected to the same three-way ANOVA as the RT analysis. No main effects and no interactions were significant. The results suggest that the effect of display size on RTs was not due to a speedaccuracy trade-off.
Discussion
The present results show that the SOL effect emerged even when singleton distractors differed from the target with respect to the target-defining dimension. In combination with the results of Experiments 1 and 2 showing that the SOL effect occurred when the singleton distractor had the same target-defining feature as the target, this experiment was able to conclude that the SOL effect occurs if the appearance of the target-defining dimension of the singleton distractor differs from that of nontargets with respect to the target-defining feature dimension. When the singleton distractor did not have such a unique appearance, compared to nontargets, with regard to the target-defining feature, the SOL effect did not occur in Experiment 2.
Interestingly, the orientation of the singleton distractor did not affect the slopes but only the intercepts of RT functions. RTs to targets were generally slower when the singleton distractor was similar to targets under the left-tilted distractor condition than when it was similar to nontargets under the right-tilted distractor condition. This suggests that the effect of attentional capture was larger under the left-tilted distractor condition than under the righttilted distractor condition. The effect of attentional capture may reflect the frequency or degree of attentional capture. That is, the frequency with which the singleton distractor captures attention might be higher under the left-tilted distractor condition than under the right-tilted distractor condition. Otherwise, disengagement of attention captured by singleton distractors might be harder to achieve under the left-tilted distractor condition than under the right-tilted distractor condition. Because participants might have set attentional controls to search for a target having a left-tilted feature, left-tilted singleton distractors might have been more likely than right-tilted singleton distractors to capture attention. Although the effect of attentional capture was different between the distractor conditions used in this experiment, the slopes of RT functions were equivalent. This finding suggests that the SOL effect, indexed by the slope, is not affected by the degree of attentional capture. These data elaborate on the discussion in Experiment 2 relating to the possibility that attentional capture might trigger the SOL effect, but that the effect itself rests on a different mechanism from that underlying attentional capture.
Experiment 4
Experiment 4 examined whether the SOL effect is task-specific. In Experiments 1-3, participants performed a compound search task in which they responded to a designated attribute of a target (Duncan, 1985; Kumada, 2001) . In Experiment 4, participants performed a simple detection task in which they responded only to the presence or absence of a target.
This experiment was designed to test an explanation of the inefficient RT functions observed in Experiments 1-3 based on the similarity account of visual search efficiency (Duncan & Humphreys, 1989) . This account argues that high target/nontarget similarity and high nontarget/nontarget dissimilarity increases search inefficiency. A conjunction search represents a typical example that meets these similarity criteria (Treisman & Gelade, 1980) . In a typical conjunction search display, a target is defined by a conjunction of features in two dimensions. For example, a green left-tilted target was presented among green right-tilted and red left-tilted nontargets. The target shares one of two relevant features with nontargets, yielding the high target/nontarget similarity, and one type of nontargets does not share the same feature with the other type of nontargets, yielding high nontarget/nontarget dissimilarity. These displays produce inefficient RT functions. Typical conjunction displays can be considered as very similar to the target-feature singleton distractor condition in this experiment if the singleton distractor is regarded as another type of nontarget. In a typical conjunction search display, the number of one type of nontarget (e.g., the red left-tilted item in the example) is the same as that of the other type of nontarget (e.g., the green right-tilted item). On the other hand, in this experiment one type of nontarget was a singleton and the remaining nontargets were classified as the other type of nontarget under the target-feature singleton distractor condition. Although there are apparent differences in the number of one type of nontarget presented in displays, it remains possible that similarities in display items are responsible for the insufficient search function and constitute the primary reason for the SOL ef- fect. If this is the case, the effect should not be unique but should be explained by a variant of a conjunction search in terms of the similarity account of visual search efficiency. Experiment 4 tested this possibility using a simple target detection task instead of a compound search task. If the account were applicable to the SOL effect, an inefficient RT function would emerge when the same target displays as those presented under the C & O-singleton distractor conditions in Experiment 2 were presented under the simple target detection task.
Method
Participants
Fourteen university students participated as paid volunteers.
Apparatus and stimuli
The apparatus was the same as that used in Experiment 1. The stimuli were the same as under the C & O-singleton distractor condition of Experiment 2 except that no-target displays were used. Consequently, the following four types of displays were presented in one experimental block: O-singleton target/no distractor, O-singleton target/C & O-singleton distractor, no target/no distractor, and no target/C & O-singleton distractor. The former two displays contained a target, whereas the latter two contained no target.
Design and procedure
The procedure was the same as that in Experiment 1, except for the tasks of participants. Participants responded to the presence or absence of a target (i.e., O-singleton) in a display by pressing one of two keys.
A 2 Â 2 Â 3 repeated-measures factorial experimental design with two levels of targets (present or absent), two levels of distractors (present and absent), and three levels of display size (5, 10, and 15) was used. One experimental block consisted of 144 trials. Each participant engaged in six experimental blocks for each target condition following to practice trials.
Results
Fig . 5 shows mean correct RTs plotted as a function of display size. Mean RTs were subjected to a three-way ANOVA with target (present or absent), distractor (present or absent), and display size as variables. All main effects and all interactions were significant: target, F(1, 13) = 7.39, MSe = 454950.0, p = .0176; distractor, F(1, 13) = 46.76, MSe = 43432.4, p < .0001; display size, F(2, 26) = 6.07, MSe = 53473.2, p = .0068; target Â display size, F(2, 26) = 9.92, MSe = 52472.1, p = .0006; distractor Â display size, F(2, 26) = 8.69, MSe = 2157.9, p = .0013; target Â distractor, F(1, 13) = 10.87, MSe = 23431.1, p = .0058; target Â distractor Â display size, F(2, 26) = 4.49, MSe = 3321.8, p = .0210.
Separate analyses were performed for the target-present trials and the target-absent trials, with distractor and display size as main factors. Both main effects were significant for the target-present trials: distractor, F(1, 13) = 54.75, MSe = 7737.9, p < .0001; display size, F(2, 26) = 5.25, MSe = 3096.6, p = .0122. The two-way interaction was not significant, p = .925. RTs decreased as a function of display size both in the distractor-present trials (À4.1 ms/item, r 2 = .816) and in the distractor-absent trials (À4.8 ms/item, r 2 = .898).
Both main effects and a two-way interaction were significant for the target-absent trials: distractor, F(1, 13) = 31.49, MSe = 59125.5, p = .0001; display size, F(2, 26) = 8.06, MSe = 102848.8, p = .0019; distractor Â display size, F(2, 26) = 8.31, MSe = 4038.9, p = .0016. Simple main effect analysis showed that the effect of display size was significant both for the distractor-present trials, F(2, 52) = 11.19, p = .0001, and the distractor-absent trials, F(2, 52) = 4.95, p = .0107. RTs increased as a function of display size in the distractor-present trials, 40.5 ms/item, r 2 = .962, as well as in the distractor-absent trials, 27.0 ms/item, r 2 = .967. Table 4 shows error rates for each condition. Error rates were subjected to the same three-way ANOVA as the RT analysis. All main effects and the three-way interaction were significant: target, F(1, 13) = 22.61, MSe = 7.5, p = .0004; distractor, F(1, 13) = 28.72, MSe = 8.8, p = .0001; display size, F(2, 26) = 6.10, MSe = 3.0, p = .0067; target Â distractor Â display size, F(2, 26) = 3.39, MSe = 4.2, p = .0491. No two-way interactions were significant, ps > .126. As shown in Table 4 , error rates were higher in the target-present trials than in the target-absent trials. Thus, a separate two-way ANOVA was performed for target-present trials and target-absent trials. In the target-present trials, both main effects were significant: distractor, F(1, 13) = 29.67, MSe = 5.7, p = .0001; display size, F(2, 26) = 4.86, MSe = 2.4, p = .0005. The two-way interaction was marginally significant, p = .099. Error rates were higher in the distractor-present trials than in the distractor-absent trials. More importantly, error rates were higher in trials with larger display sizes than in those with smaller ones. Both main effects were significant for the target-absent trials: distractor, F(1, 13) = 8.57, MSe = 10.4, p = .0118; display size, F(2, 26) = 3.80, MSe = 3.4, p = .0357. The two-way interaction was not significant, p = .551. As can be seen in Table 4 , error rates were higher in distractor-present trials than in distractor-absent trials. Error rates also decreased as a function of display size. These results show that the absence of an effect for display size on RTs in response to target-present trials and the effect of display size on target-absent trials were not due to a speed-accuracy trade-off.
Discussion
The results showed that the SOL effect did not emerge in the target-present trials with a target-feature singleton distractor. This finding should be compared with those obtained under C & O-singleton distractor conditions in Experiments 1 and 2, in which the SOL effect occurred with similar displays as used in Experiment 4. In all these experiments, participants searched for an O-singleton target among nontargets while ignoring a C & O-singleton distractor. The only difference was the task. In Experiment 4, a simple detection task, in which participants responded to the presence or absence of the target, was used. On the other hand, participants responded to an attribute of a target after they detected the target in Experiments 1-3. The absence of an inefficient search function for the target-present trials with a target-feature singleton distractor supports that the inefficient search functions observed in previous experiments are not simply explained by inter-item similarities, as predicted by the similarity account of visual search efficiency (Duncan & Humphreys, 1989) . The present result again showed that attentional capture is not a sufficient condition for the emergence of the SOL effect. In this experiment, RTs to targets in target-present trials with singleton distractors were delayed relative to those in trials without singleton distractors. Thus, attention might have been captured by the target-feature singleton distractor. Nevertheless, no SOL effect was found, showing that attention was instantly redirected to a target, in the absence of lighting on nontargets, after it was disengaged from the singleton distractor. The maintenance of attention on the task might be responsible for this difference in the results. This issue is discussed in Section 6 in terms of the mechanisms underlying the SOL effect.
General discussion
The primary purpose of this study was to investigate whether the SOL effect occurs during the cross-dimensional interference procedure. The results demonstrate that the SOL effect does occur during this procedure. As shown in Figs. 2-4, RTs to targets increased with display size when a target-feature singleton distractor was present. It should be noted that these targets were the objects of efficient searches, irrespective of the display size, when no singleton distractor was presented in a display. Thus, the target was consistently the first object of searches in displays without singleton distractors. When the target was presented with a singleton distractor and the singleton distractor was more salient than the target, one might hypothesize that the singleton distractor was the first object of the search and that the target was always the second object, irrespective of display size. Contrary to this prediction, the results showed that RTs to targets increased with display size in displays that included a target-feature singleton distractor, suggesting that the target was not always the second priority for detection. In other words, when a target-feature singleton distractor was present, the target might be detected only after several nontargets were serially rejected. Kumada (2008) argued that this finding is attributable to the fact that the search order for items, previously registered on the saliency map, was lost before the target was detected. Activation of the location of a target might not be higher than activation of the locations of nontargets on the saliency map even though the target appears to be the second most conspicuous item among the nontargets.
The observation of the SOL effect in the cross-dimensional interference procedure provides information for understanding the critical role of attentional focusing on singleton distractors. In a previous study (Kumada, 2008) , the SOL effect was reported only with the A-or-B target procedure, in which one of two alternative items was presented as a target and the other item was presented as a singleton distractor. The target could be distinguished from the singleton distractor only by attending to a designated attribute. Because this attribute was present on only small portion of targets and singleton distractors, attention had to be focused on all the items in order to identify the target and reject singleton distractors. The present study shows that the SOL effect was not due to attentional operations specific to the A-or-B target procedure or to the decision-making and/or matching processes associated with stimulus-to-response mappings that occur only during the A-or-B target procedure. Rather, this study established that the SOL effect occurs as an aftereffect of attentional capture by a target-feature singleton distractor.
The results of Experiment 4 revealed that the inefficient slopes of the RT functions in the target-feature singleton distractor trials are not due to feature-level interference. According to the argument advanced by Duncan and Humphreys (1989) , displays with a target-feature singleton distractor are regarded as a variant of typical conjunction search displays. Indeed, the target was defined by the conjunction of color and orientation features against a nontarget and a singleton distractor under the C & O-singleton distractor condition of Experiment 2. Experiment 4 used the same displays as those used in Experiments 1 and 2 and presented those displays in the context of a simple target detection task. The logic underpinning this experiment holds that an inefficient search slope would be obtained for a simple target detection task if inter-item similarity constituted the main reason behind the inefficient search functions observed in Experiments 1 and 2. Contrary to the prediction, no inefficient search slope was obtained with the simple target detection task. Therefore, the similarity theory of visual search efficiency is not directly applicable to the SOL effect. Kumada (2008) proposed an hypothesis to account for the SOL effect. This is the dynamic gain control account which is based on a two-stage model of visual search (e.g., Treisman & Gelade, 1980; Wolfe, 1994) . It assumes that outputs of feature maps are integrated in the saliency map, and that visual search is serially guided by activations on the saliency map. Under the task-relevant singleton distractor condition of the A-or-B target procedure, attention is initially focused on the most salient item (i.e., a target-feature singleton distractor) in order to identify a designated attribute. If the item of initial focus is not a target item, then attention must be disengaged because the first item is a singleton distractor. This account assumes that disengagement of attention from a distractor's location is achieved by the attenuation of input from the task-relevant feature maps to the saliency map. Because the saliency map does not receive input from the task-relevant feature map when the gain is attenuated, another salient item (i.e., a target), represented on the same feature map, will not show higher activation than nontargets on the saliency map. Therefore, in this case no prominent peak of activation would emerge as sufficient to guide attention to a target's location on the map. Consequently, attention would be guided by a relatively small variation in activation on the saliency map, composed only of inputs from task-irrelevant feature maps and internal noise (Wolfe, 1994) . Thus, in the absence of efficient guidance, attention moves toward targets as often as toward nontargets; this results in a slope of the RT function diagnostic of inefficient serial search.
The results of the present study support and extend the dynamic gain control account of the SOL effect in two respects. First, gain control of input signals from feature maps to the saliency map occurs after disengagement that follows attentional capture by a singleton distractor. The key element in this account pertains to dynamic gain control of signals from feature maps to the saliency map. This account assumes that dynamic gain control of these signals follows attentional disengagement from the location of a singleton distractor on the saliency map. When attention is disengaged from a location on the saliency map, input signals from the task-relevant feature maps are attenuated, eliminating activation of the location. In fact, all inputs from the relevant feature maps are shut down. This means that other locations on the sal-iency map, which were also highly activated by input signals from the relevant feature maps, are reduced.
Second, attenuation of saliencies influences item priorities. Even if some items on the relevant feature maps have high saliency, corresponding signals would not be received by the saliency map. In other words, these locations on the saliency map will have reduced activity, irrespective of their conspicuousness. Therefore, under the assumption of that item priority depends upon relative activity levels (corresponding to salience of each item), attentional priority of items is lost. In the original account, it was assumed that such dynamic gain control occurs after intentional focusing of attention on singleton distractors (in the A-or-B target procedure). However, the present results have clarified that gain control occurs even after involuntary (or contingent) attentional capture by singleton distractors.
Although the present study demonstrated that attentional capture induces the SOL effect, it also showed that the SOL effect did not always occur when attention was captured by a singleton distractor. The SOL effect did not occur in the C-singleton distractor trials of Experiment 2 when singleton distractors had the same feature as a nontarget with respect to the target-defining feature. However, this result is also explained by the dynamic gain control account of the SOL effect. As previously mentioned, the dynamic gain control following attentional disengagement from a singleton distractor is applied only to inputs from relevant feature maps. For example, attention was initially captured by the C & O-singleton distractor, and then it was disengaged from it in the C & O-singleton distractor trials of Experiment 2. Subsequently, input signals from the color and orientation maps were attenuated. In this way, computation of the activations on the saliency map did not account for these input signals. Thus, activation related to the location of the O-singleton target was reduced on the saliency map. On the other hand, the singleton distractor was defined only by the color dimension, and the target was defined only by the orientation dimension in the C-singleton distractor trials of Experiment 2. In this case, attention was again initially captured by the C-singleton distractor and subsequently disengaged from it. However, input signals from only the color maps were attenuated because only the color dimension was relevant to the definition of the singleton distractor. Although activation was thereby recomputed without input signals from the color maps, input signals from the orientation maps were still connected to the saliency map. Therefore, activation of the location of the O-singleton target was sufficiently high for guiding attention to that location.
The present experiments provide new insights into the relationship between attentional capture and the SOL effect. The degree of attentional capture, defined as the overall delay of RTs in the distractor-present trials relative to those in the distractor-absent trials, was modulated by the contingent relationship between the attentional control setting of target features and that of singleton distractors. In Experiment 3, two singleton distractor conditions were presented. One type of a singleton distractor (the left-tilted singleton distractor) was more similar to a target than the other type of a singleton distractor (the right-tilted singleton distractor) with respect to the target-defining dimension. The results showed that the degree of attentional capture, indexed by the general delay of the intercepts of RT functions in the distractor-present trials relative to those in the distractor-absent trials, was higher in the lefttilted singleton distractor trials than in the right-tilted singleton distractor trials. This suggested that participants might have attentional control settings for specific features (Folk & Remington, 1998; Folk, Remington, & Wright, 1994) , such as categories of orientation (e.g., ''left-tilted"). There might have been a higher degree of attentional capture when the attentional control setting was contingent on features of singleton distractors. Therefore, the degree of attentional capture by the left-tilted singleton distractor was higher than that by the right-tilted singleton distractor. However, the degree of attentional capture did not correlate with the SOL effect. The slopes of RT functions did not differ between these two conditions, suggesting that attentional capture by singleton distractors and/or attentional disengagement from them triggered modulation by the gain control process of only the inputs from the feature maps to the saliency map, irrespective of the degree of attentional capture.
The present results show that gain control is task-dependent. Experiment 4 did not produce the SOL effect in the simple target detection task, whereas Experiments 1 and 2 induced this effect with the same displays in the compound search task. A recent study showed that the critical difference between these two tasks is the amount of spatial attention allocated to a display element ). Krummenacher et al. found that, when indexed by inter-trial dimension repetition benefits, a very small amount of spatial attention is allocated to a target location in the simple detection task, relative to that in the compound search task. Thus, it is likely that the SOL effect occurs when focal spatial attention is required by a task such as a compound search task. This is consistent with the assumption that gain control operates after attentional focusing resulting in disengagement of spatial attention from a singleton distractor.
The results of Experiment 3 also revealed how input gain is controlled. In this experiment, a singleton distractor had different features from the target with respect to the target-defining dimension. For example, singleton distractors tilted 45°clockwise or counter-clockwise from vertical, and a target tilted 10°coun-ter-clockwise from vertical. Nevertheless, the SOL effect was observed, showing that the gain control following attentional disengagement operates not only to send signals from a feature map that are specific to the feature value (i.e., 45°of orientation in this case) of the singleton distractor, but also to send signals from any other feature maps relevant to the singleton-distractor defining dimension. Because no difference in the SOL effect was observed between the left-tilted singleton distractor and the righttilted singleton distractor in Experiment 3, it would be suggested that gain control operates equally with regard to input signals from all feature maps relevant to the singleton-distractor defining dimension.
Further comparisons of the SOL effect across experiments suggest that the attenuation of contrast signals is indeed dynamic. This is because it is determined by the degree to which singleton-targets and singleton-distractors share orientation features. In fact, comparing outcomes of three experiments supports this interpretation. When considering Experiment 1 (the C & O-singleton distractor), Experiment 3 (the left-tilted singleton distractor), Experiment 3 (the right-tilted singleton distractor), and Experiment 2 (C-singleton distractor) it is clear that the SOL effect was largest in Experiment 1, intermediate in Experiment 3, and smallest (i.e., non-reliable) in Experiment 2. This comparison suggests that the attenuation of contrast signals is strongest if a target and distractor always share orientation features as in Experiment 1. In other words, given that attenuation may also act on a target-defining dimension rather than simply on a feature of the target, the attenuation level will not be equivalent for all features in the target-defining dimension.
It is worthwhile to discuss the SOL effect in terms of recent findings which indicate that attentional capture can be modulated by top-down attentional control setting to a dimension (e.g., Geyer, Müller, & Krummenacher, 2008; . These studies have shown that attentional capture was modulated by an observer's incentive to suppress attention to the dimension of a distractor. In order to account for the result, the authors assumed that saliency signals, generated by a distractor, are attenuated via a dimension weighting mecha-nism (Müller, Heller, & Ziegler, 1995) . In this account, the mechanism of signal attenuation is similar to the gain control mechanism proposed in this study. However, the effect differs: in the former, a distractor dimension was suppressed with an attentional capture effect, whereas in the present account it is the target dimension that is suppressed and which leads to the SOL effect. In addition, although the suppression of a distractor dimension seems to require conscious effort, gain control appears to be automatic. Therefore, so far, there is to date no evidence has been presented to allow the conclusion that these effects are mediated by the same mechanism. Apparently, further investigations are required.
The discussion to this point has mainly concentrated on a family of visual search models that assume a serial shifting of spatial attention (Treisman & Gelade, 1980; Wolfe, 1994) . However, this does not imply that the SOL effect is exclusively explained by serial attentional allocation models. Rather, the SOL effect may be explained by visual search models which do not assume serial shifts of attention (e.g., Eckstein, 1998) . For example, according to Eckstein's noise model, each display element elicits a noisy independent response, and search efficiency is determined by the probability that internal responses to a target exceed to those of any other responses i.e., to distractors. Consequently, probability of noise from distractors should increase with the number of display elements, yielding an inefficient visual search function. Moreover, this probability also increases as internal discriminability between a target and a distractor decreases. By the definition of the compound search task used in the present study, spatial attention might be focused on a salient singleton distractor having the same feature as a target with respect to the target-defining feature. In this case, the noise model can interpret the present results by assuming that discriminability of the target vis a vis this distractor is reduced in internal representation after attention is captured by the singleton distractor.
In conclusion, this study demonstrated the emergence of the SOL effect in a cross-dimensional interference procedure. Although the effect of attentional capture was found in all conditions of this study, attentional capture did not always induce the SOL effect. Rather, the features of singleton distractors was sensitive to the SOL effect, consistent with the dynamic gain control account in which the gain control process proceeding from feature maps to the saliency map plays a critical role. The SOL effect seems to be related to unknown computational mechanisms of the saliency map and/or to attentional control based on the map. Further investigation is required for understanding the mechanisms underlying the SOL effect.
